An endonuclease activity was isolated from 100,000 g supernatant fraction of Escherichio coli using in vitro primary transcripts of T4 tRNA gene cluster as assay substrates. The endonuclease cleaves the polycistronic RNA precursors into fragments containing monomeric and dimeric stable RNA sequences. The results strongly suggest that this enzyme participates in the early steps of T4 tRNA maturation pathway preceding the action of RNase P.
INTRODUaiON
It is now well established that posttranscriptional processing of RNA is a general phenomenon in both prokaryotes and eukaryotes (1) . A multitude of enzymes seem to participate in this process but their investigation has been restricted by the requirement for individually purified RNA species which can be used as substrates for in vitro processing.
A useful system for the study of RNA processing is provided by the bacteriophage T4 tRNA operon: a cluster of genes coding for ten short phage-specific stable RNAs (2) which are transcribed with the formation of polycistronic RNA precursors (3, 4) . Elsewhere (4) we described the isolation of the primary transcripts of the tRNA operon, which were synthesized in vitro on T4 DNA. These polycistronic RNA molecules were processed to mature-size tRNAs by cell extracts of Escherichia coli. In the present work we used the transcripts of the T4 tRNA operon as assay substrates for the isolation and preliminary characterisation of a processing endonuclease from Escherichia coli extracts. The top scheme shows the two subclusters of stable RNA genes (coding for eight tRNAs and Species 1 and Species 2 RNA) which are separated by a spacer of about 0.6 kb (2, 8) . Promoter (P) and terminator (T) are located at 1 kb upstream (9) and 0.3 kb downstream (4) from the stable RNA sequences, respectively. The four lines underneath represent the structures of primary transcripts of this region which are synthesized in vitro on T4 DNA with intact (Ay^) or partially deleted (As, A]05, A-po) tRNA gene cluster (4) . Parentheses represent the deletions A8, A105 and A119 (2) . Open boxes represent the stable RNA sequences in the transcript molecules and vertical arrows indicate the sites of cleavages which should occur in the absence of RNase P as predicted on the basis of DNA sequence of the two gene subclusters (1, 10) . The lower scale shows the distance from the promoter.
endonuclease activity was then characterised using longer RNA species A w j., A. and A -_ as precursors for the processing reaction.
MATERIALS AND METHODS
Buffers. Buffer A: 50 mM Tris-HCI, pH 7.9; 10 mM MgCI ; 7 mM p-mercaproethanol.
Buffer B: 20 mM Tris-HCI, pH 7.9; 10 mM MgCI ; 0.1 mM dithiothreitol.
Buffer C: 50 mM Tris-HCI, pH 7.9; 10 mM MgCI ; 0.1 mM dithiothreitol.
TGED: 50 mM Tris-HCI, pH 7.9; 5% (v/v) glycerol; 0.1 mM EDTA; 0.1 mM dithiothreitol.
Preparation of S-l00 extract. E. coli MRE-600 cells (50 g) were ground with 50 g glass powder. 75 ml of Buffer A containing 0.05 M KCI were added and the cell debris removed by centrifugation at 8 000 rpm for 20 minutes. The supernatant was treated with 200 ug of DNase I (RNase-free, Worthington) and centrifuged in a Spinco 60Ti rotor at 17 000 rpm for 25 minutes. The pellet was discarded and the supernatant centrifuged in the same rotor 
RESULTS

Isolation of the processing activity
The 100 000 g supernatant fraction of E. coli (S-100) contains all the enzymes nece- 12) , all of the processing activity was recovered in the DES-F fraction. The material of DES-F was transferred into a dialysis bag, concentrated by imbedding the bag into dry Sephadex G-100 for several hours and dialysed against several changes of TGED. This preparation (0.5 mg protein in 1 ml) was used in the subsequent experiments and will be hereafter referred to as precursor cleaving nuclease (PC nuclease).
The protein fractionsobtained at different stages of endonuclease isolation were analysed by electrophoresis in SDS-polyacrylamide gel (Fig. 4) . One can see that the final active preparation (DES-F) separates into several protein bands of relatively low molecular weight. Obviously, the endonuclease contained in this preparation is not yet purified to homogeneity.
In order to obtain a semi-quantitative estimation of the degree of purification, the kinetics of cleavage of band A^ ^o precunor RNA with the PC nuclease were determined (Fig. 5A) . The concentration of protein in the reaction mixture was about 50ng/ml and it took about 20 minutes to completely cleave the precursor band. Since the same effect could be obtained by digestion with S-100 for 90 minutes at a concentration of 5 mg/ml protein ( Fig. 2) one can conclude that the processing activity of isolated endonuclease is about 400 times higher than that of S-100. This value, of course, is an overestimation of the degree of enzyme purification since a large amount of nucleic acid material present in S-100 might have inhibited the processing.
The PC nuclease is quite stable: it can be stored frozen at -20 C for at least two months or at +4°C for as long as two weeks without apparent loss of activity. reaction, random cleavage at several sites would produce more short nested fragments than long ones, one can conclude that the precursor cleaving nuclease prefers a-sites over at least all other cleavage sites more proximal to the 5' terminus. containing the sequences of ten stable RNAs was digested with S-100 (Fig.7A, lane 1) or cleaved with PC nuclease (Fig. 7A, lane 2 A: band A w j RNA was digested with S-lOO (lane 1) or incubated with PC nuclease (lane 2) and the products were analysed in a 10% polyacrylamide gel. The identification of S-100 resistant stable RNA species is described elsewhere (4). Dots indicate PC nuclease cleavage products common to band A wt and A-j jo (see Fig. 5A) .
B: cleavage products a and (3 of lane 2 of Fig. 7A were extracted from the gel and digested with S-100. Arrows indicate the migration distances of T4-specific tRNAs for Ser, Pro (a) and Leu, Gin (p) which were determined on the same gel as described in Ref. 4 . (Fig. 3) ; this residual processing activity pro-duces the same teries of RNA fragments that are observed after short-time incubation with isolated PC nucleose (Fig. 5A) RNA processing enzymes is not clear. We can only say that RNase III which is known to degrade Species 1 RNA (14) seems not to be active in our preparations. We suggest to name the precursor cleaving endonuclease described in this paper RNase PC if further purification and characterization proves it to be a single enzyme.
ABBREVIATIONS: kb, kilobase-pairs or kilobases; S-100, 100,000 g supernatant fraction of E. coli.
